Introduction
Although it is generally accepted that smooth muscle cells proliferation and migration from the arterial media into the intima are the essential steps in the development of the atheromatous plaque, the causes underlying these phenomena are still controversial (for review see references [1] [2] [3] [4] . Moreover, despite the large amount of work performed in several laboratories, little is known about morphological and/or biochemical differences between medial smooth muscle cells and the smooth muscle cells of the atheromatous plaque (2, 4, 5) . We aortic intimal thickening produced by removal of the endothelium (6) (the most commonly used model for the atheromatous plaque), as well as in primary cultures of smooth muscle cells from rat aortic media, there is a switch in actin expression when compared with smooth muscle cells ofnormal media. This switch involves the ratio ofthe different actin isotypes previously shown to be genetically regulated and to change upon differentiation (7, 8) . It may be useful in defining the phenotypic features of atheromatous smooth muscle cells and in studying the development of such features in experimental animals and humans.
Methods
Endothelial removal was performed on 15 male Wistar rats (250-300 g body wt) essentially according to Baumgartner and Studer (6, 9 ). An embolectomy catheter (2F Fogarty, Edwards Laboratories, Santa Anna, CA) with a deflated rubber balloon at the distal end was introduced into the left carotid artery up to the diaphragmatic portion of the aorta. The balloon was inflated with 0.05 ml of water and withdrawn slowly. This procedure was repeated once and the completeness of aortic denudation was verified in four additional animals by intravenous injection of Evan's blue (I ml of 1% solution in 0.9% NaCl) immediately after ballooning. The animals were killed 20 min later by perfusing through the left ventricle of the heart 0.9% NaCI. The isolated opened aortas appeared under a magnifying glass completely blue. Five untreated rats were used to collect normal media. 2 wk after endothelial removal rats were intravenously injected with Evan's blue to visualize the areas free of endothelium (blue areas) compared with areas that had reendothelialized (white areas). After 20 min, rats were killed and the endothelial thickening in the blue areas was dissected from the remaining media under a magnifying glass. Completeness ofdissection and the morphology of media and intimal thickening were monitored by light and electron microscopy as previously described (9) . Normal arterial tissue and atheromatous plaques were collected at autopsy from the thoracic aorta of 14 individuals (8 males and 6 females) with age ranging from 8 to 81 yr (mean 53.6 yr). All autopsies were performed within <lO h after death. Only macroscopically typical fibrous or fibrolipidic plaques were dissected under a magnifying glass. Normal intima was gently scraped and the media was dissected from the same cases. Specimens macroscopically similar and adjacent to those used for biochemical analysis were examined by light and electron microscopy as previously described (9) .
Smooth muscle cells from the rat thoracic aorta were cultured after enzymatic dispersion (10) (11) (12) and kept in supplemented Dulbecco'smodified Eagle's medium containing one of the three: 10% plasmaderived serum (13) (PDS),' 0.5% fetal calf serum (FCS) or 10% FCS; the cells were kept in culture for 8-13 d and then analyzed for actin content and isoforms.
Total tissues were dissolved directly in sample buffer containing I mM phenylmethylsulfonyl fluoride, sonicated (three times 5 s at setting 7 ofa Branson sonifier, Branson Sonic Power Co., Danbury, CT), boiled for 3 min (14) , and analyzed by one-dimensional sodium dodecyl sulfatepolyacrylamide gel electrophoresis (15) . Quantification was made by means ofplanimetry using a Chromoscan MKII (Joyce Loebl, Dusseldorf, FRG) as previously described (14) . Protein determination was according to Bradford (16) . Actin isoforms were characterized either by two-dimensional gel electrophoresis according to O'Farrel (17) with minor modifications (18) and/or by the characteristic migration pattern oftheir isolated '4C-labeled NHrterminal tryptic peptides in the two-dimensional paper electrophoretic system described (for technical details see reference 19) .
Results
The morphology of normal rat intima and media, and of intimal thickening was as previously described (9) . In particular, intimal thickening ofblue areas contained virtually only smooth muscle cells. Normal human intima contained a layer of endothelial cells and several subendothelial cells in a thin layer of connective tissue. The normal media contained only smooth muscle cells as well as collagen and elastin. The atheromatous plaques contained mainly modified smooth muscle cells showing lipid accumulation (such modified smooth muscle cells represented 80% of cellular elements as judged by examining at least 10 randomly taken electron micrographs for each specimen), but also foam and mononuclear cells (20) . Lipids were present extracellularly in variable amounts according to the case and to the plaque (21) .
Total actin content of samples from normal rat media, intimal thickening and media under the thickening was found to be similar (12.60±0.6, 11.64±0.5, and 12.46±0.5% oftotal proteins, respectively). In contrast, these samples differed significantly in the ratio ofthe different isoactins. While normal media contained mainly the a-smooth muscle form and in addition the #3-cytoplasmic form, intimal thickening was significantly enriched in cytoplasmic actins. It revealed not only a predominance of the j#-form but also a noticeably greater amount of the y-form whereas the a-form was strongly reduced (Fig. 1) . Quantitative data were obtained by measuring the radioactivity present in each of the spots (Fig. 2 A, into account that smooth muscle actin-derived NH2-terminal peptides display two labeled cystein residues, whereas striated muscle and cytoplasmic actin peptides contain only one labeled residue (for documentation see references 7 and 19). Similar observations were made when actin isoforms of normal human intima and media were compared with the isoforms present in the atheromatous plaques ( Fig. 2 C and D) . Normal media contains the a-smooth muscle isoform as the major component; a-smooth muscle and #-cytoplasmic actin are present in a 2:1 ratio. In contrast, atheromatous plaques display the cytoplasmic actins ,B and y in a 7:2 ratio, while the amount of a-smooth muscle actin is strongly reduced and accounts only for some 10% of the total actin (Table I) .
Cultured rat aortic smooth muscle cells showed clear differences in their content of actin isoforms (judged by isoelectric focusing and bidimensional gels) according to the time of culture (3, 9, 27, 28) , which makes them similar to myofibroblasts of granulation tissue (9, 25) . The finding of a molecular switch in actin and the amount of serum used. Cells cultured for 7-13 d in 10% FCS (which were confluent by the time of analysis) had a pattern (Fig. 3 ) superimposable to that of intimal thickening or of atheromatous plaque, i.e., a decrease of a-isoform, a predominance of,B-isoform, and a relative increase ofthe y-isoform, whereas cells freshly isolated from the media (Fig. 3) and cells cultured for 7-13 d in PDS or 0.5% FCS (which practically showed no replication) had a pattern of actin isoforms similar to that of normal rat media.
Discussion
Actin and other fibrous proteins account for a large proportion ofthe cellular cytoplasm. These cytoskeletal elements are present in histologically different cell types as distinct members ofvarious multigene families (8, (22) (23) (24) . The characterization of cytoskeletal elements in a given cell or tissue has been shown to represent a reliable tool for the study of differentiation phenomena, and for the identification ofthe origin ofvarious tumors (for review see references 23, 25, 26) . Moreover, the evaluation of quantitative and qualitative changes in the organization of cytoskeletal elements appears more and more useful as marker of the degree of cellular adaptation during various pathological phenomena (25). Actin is quantitatively the most important cytoskeletal protein and is expressed probably in all eukariotic cell types. Although very conserved throughout the phylogenetic tree, actins from different tissues are heterogeneous (7, 8) . This heterogeneity is shown by isoelectric focusing and more precisely by the chemical analysis of the amino-terminal peptides of the different isoforms (19) . with trypsin, and subjected to the fingerprinting system described (19) . Horizontal separation is by electrophoresis at pH 3.3, separation in the vertical direction is at pH 6.5. The migration distance from the origin is indicated (in centimeters) on the edges of A. The anodic (+) side for each electrophoretic direction is given in A (for details see reference 19 (5, 29) . Again it will be of interest to know whether changes of myosin expression in vitro (and possibly in vivo) are correlated with changes of actin expression under the same conditions. The switch of actin expression in smooth muscle cells cultured in the presence of 10% FCS compared with those cultured in the presence of PDS and 0.5% FCS supports the suggestion (for review see reference 5) that cultured smooth muscle cells represent a model of atheromatous smooth muscle cells. An established clonal smooth muscle cells line derived from the rat vena cava (30) has been reported to show a pattern of actin expression similar to that described above for cultured rat aortic smooth muscle cells. The presence of a switch in actin expression in actively replicating cultured smooth muscle cells compared with quiescent smooth muscle cells suggests that cell replication is one of the causes of this phenomenon. This may well apply to experimental rat intimal thickening and to human atheromatous plaques in which an increased proliferative activity of smooth muscle cells has been shown and/or suggested (3 1-34) .
Recently, it has been reported that in cultured cells having a predominance of the a-actin isoform, transformation with Rous sarcoma virus results in a decrease of this isoform with a concurrent increase of the f3-isoform, similar to that reported here in cultured smooth muscle cells (35) . Our experiments show that such switch between a-and f3-actin isoforms can take place in nontransformed cells under different culture conditions and suggest that it may be related to proliferative activity.
Further studies are needed in order to relate changes ofactin expression to modifications of metabolic activities in atheromatous smooth muscle cells, compared with normal smooth muscle cells. In any event, the pattern of actin expression represents a new reliable protein-chemical marker for atheromatous smooth muscle cells and may contribute to a better understanding of their behaviour and biological reactions.
